Particle Physics Definition
These basic questions about the universe through human history provide a definition of particle physics that reflects the evolving nature of the field in the second half of the 20 th century.
The answers to these questions have become increasingly interconnected; they have particularly related fundamental particles to cosmology: • 3 light neutrinos BBN • quarks the "hadron wall"
More Specific Questions
• A longer and more specific set of sub-questions at a given time characterize the frontier of particle physics.
• Such a set of interrelated questions defines the path ahead, i.e., the scientific roadmap for particle physics.
Old Questions, New Questions
• As precise, narrowly defined, "small" questions are answered, they may contribute to answering "big" questions as well.
• As our understanding has increased and old questions get answered, new ones arise. We sometimes learn to pose questions that we didn't even know were answerable.
• Part of our progress is understanding at what energy scale a question may be answered.
As We Ended the 20th Century
• For the part of the universe made of quarks and leptons that we find immediately around us, four decades of extraordinary experimental and theoretical ferment have led to a great synthesis in our understanding of these particles and their interactions -the Standard Model • It is simple, elegant, and predictive through the level of quantum loops.
• The last few years have seen great progress as experiments at accelerators and theoretical work have led to a precise understanding of the way the weak force affects matter and antimatter, a major achievement in itself.
As We Begin the 21 st Century
• We thought we knew all the fundamental fields that make up the universe. In fact, our commanding knowledge of "normal" matter has provided the framework against which surprises can be measured. • Astrophysical observations have shattered the view that we understood the fundamental fields: the bulk of the universe is dark matter and dark energy.
Dark Matter
• The existence of dark matter was established from galactic rotation curves, motion within clusters of galaxies, strong lensing, and weak lensing.
• It is needed in simulations to understand the evolution of large scale structure in the universe, the formation and properties of clusters of galaxies, and, e.g., the formation of black holes within galaxies.
Dark Energy
• The presence of dark energy was deduced from measuring the accelerating expansion of the universe using supernovae as standard candles.
• There is also evidence from properties of the CMB and other data.
Accelerators and the Cosmos
• We can observe around us the relics of the Big Bang, the ultimate particle physics experiment.
• We can produce at accelerators, under controlled conditions, time/energy-slices of the universe right after the Big Bang -"melting the vacuum" -to reveal the fundamental constituents in that epoch and to allow their detailed study and understanding.
• This is essential to answering the big questionsworking forward from the Big Bang, we aim to understand how to match up with what we see today. "Do the two ends meet?"
• Our present model of the Universe must be incorporated into a deeper theory that can explain these new phenomena. New physics is necessary.
• We know the tools that will provide us with the information we need to begin to take the next steps. In combination, the data from particle accelerators, cosmological observations, and underground experiments place us now in the early stages of a new era of discovery.
The Particle Physics Roadmap
• The set of current and future experiments directed at our set of questions can be viewed in terms of a roadmap.
• A U.S. particle physics roadmap of projects and their timeline was set forth by the Long-Range Planning Subpanel of HEPAP in 2002. These projects will be done in the context of particle physics across the globe.
Particle Physics Roadmap from the Long-Range Planning Subpanel • The roadmap needs to be updated as science changes, new experiments are proposed, and decisions are made.
• A Particle Physics Project Prioritization Panel (P5) was formed to update the roadmap and make recommendations on mid-sized particle physics projects. • P5 made its first report to HEPAP in September 2003, assigning priorities to three projects and updating the U. S. roadmap.
The U.S. Particle Physics Roadmap -A Work in Progress (con't)
• In parallel with the planning for particle physics, the Particle Physics Roadmap Assault on the TeV Scale (2)
• The TeV scale is also the energy scale where we expect to find dark matter particles.
• To understand dark matter, we must create it in the laboratory and see if colliders meet cosmology -we would want to explore the TeV scale at colliders for this reason alone.
